Rev Bras Cir Cardiovasc 2002; 17(4): 293-298 Alterações inflamatórias das artérias coronárias e do miocárdio induzidas por stents coronários Coronary artery and myocardial inflammatory reaction induced by intracoronary stent Resumo: Objetivo: Stents intracoronários têm sido extensivamente utilizados na revascularização coronária percutânea. Entretanto, apesar dos avanços e desenvolvimento nessa área, novas complicação tem emergido obrigando o cirurgião cardíaco a enfrentar esta nova situação. A presença do stent poderia induzir reação inflamatória tipo corpo-estranho com repercussão funcional na artéria coronária e no músculo cardíaco.
Abstract
Background: Intra-coronary stents have been extensively employed in percutaneous coronary revascularization. However, despite breakthroughs and developments associated to this new technology, novel complications and findings have emerged compelling the cardiac surgeon to cope with this new scenario. The presence of an intra-coronary foreign body (stent) might induce an inflammatory reaction carrying functional and structural repercussions of the coronary artery and surrounding cardiac muscle.
Method: Patients, who had previously undergone stent implantation (6 to 18 months) and were submitted to coronary artery bypass surgery, had biopsies taken from the grafted coronary artery distal to the stent and from the adjacent muscle. The collected samples were processed and stained with hematoxylin-eosin and histologically studied.
Results: The histology of the coronary artery distal to the stent revealed chronic inflammatory processes and an intimal acute inflammatory infiltrate, with polymorphonuclear leukocytes even at long term follow-up, 12 months after stent implantation, disclosing an ongoing inflammatory process. The myocardium adjacent to the stent implantation site exhibited a significant chronic inflammatory infiltrate and fibrosis compatible with myocarditis.
Conclusion:
The presence of an intra-coronary stent induces an acute and chronic inflammatory reaction, even over the long term, with involvement of the distal coronary artery and surrounding myocardium. Further studies are necessary to assess the inflammatory process extension and its consequences.
INTRODUCTION
Coronary stents are extensively used for the treatment of coronary arterial disease [1] . In 2000, more than one million stents were implanted throughout the world and currently they are used in between 70 and 90% of percutaneous coronary intervention (PCI) cases. Although the initial results are considered good, the effects and consequences of the introduction of an intra-arterial foreign body have been studied little. It can induce an inflammatory reaction leading to functional and structural repercussions of the coronary artery and the myocardium.
Thus, this work was conceived to study the nature and involvement of the inflammatory process in the coronary arterial wall distal to the stent and in the adjacent cardiac muscle.
METHOD

Patients
Six patients submitted to coronary artery bypass grafting (CABG), who had previously implanted intra-coronary stents were studied. Indication for surgery was progressive coronary arterial disease and either total or partial obstruction of the stent. Four of the patients were male and two female, with ages ranging from 48 to 74 years. The period between the implantation of the stent and CABG varied from two weeks to 18 months. The arteries, which were previously treated with the stent, were the descending artery in five cases and the right coronary artery in one case.
The surgeries were elective in all cases except one, where the patient developed coronary thrombosis two weeks after stent implantation and was submitted to urgent surgery.
Technique
During CABG, the artery with the implanted stent, requiring surgical revascularization was opened longitudinally at approximately 10 to 20 mm distal of the site of the stent. The coronary arteriotomy performed was of 10 mm and a fusiform fragment of 5 to 7 mm length was removed ( Figure 1 ). These small fragments were handled carefully to avoid damage to the structure of the wall. Subsequently a graft (either left mammary artery or saphenous vein) was anastomosed on this arteriotomy. In four patients a biopsy of the left ventricular myocardium adjacent to the stent implantation site was effected using a biopsy needle "Trucut" (Baxter Healthcare, Deerfield, IL).
The samples were fixed in 10% formaldehyde solution, embedded in paraffin and cut in 5 µm sections. All the sections, coronary arteries and myocardium alike, were stained using hematoxylin-eosin. An experienced pathologist performed optical microscopy and the most representative images were chosen.
Results
Analysis of the fragments of coronary arteries revealed an inflammatory process involving both tunica media and intima, varying from a slight to intense reaction. The inflammatory process with acute infiltration of polymorphonuclear leukocytes can be evidenced even in the long-term, 18 months after stent implantation, revealing an ongoing inflammatory process. Figure 2 shows a slight inflammatory process in a sample collected four weeks after sent implantation, with leukocytic infiltration of the tunica intima and media. Figure 3 demonstrates a moderate to intense inflammatory process in a specimen collected 18 months after stent insertion. It is possible to see neutrophils infiltrating the endothelium and revealing an acute inflammation. Also edema of the tunica elastica can be noted and thickening of the arterial wall. The myocardium adjacent to the stent insertion site exhibited acute and chronic inflammatory infiltration and also areas of necrosis. Figure 4 demonstrates an example of a significant worsening of a chronic inflammatory reaction accompanied by fibrosis, compatible with myocarditis, 12 months after stent implantation. Also it is possible to observe in this figure capillary neoformation, leukocyte infiltration, edema and congestion. Figure 5 evidences an example of myocardial structural degeneration and a necrotic process, revealing an acute reaction, 4 weeks after stent implantation.
A biopsy of the myocardium in the case of stent thrombosis presented an interesting finding, the myocardial capillaries were occluded by soft thrombosis (Figure 6 ).
COMMENTS
This study was planned after initial observations that, when operating on patients with coronary stents, it was noted that the coronary artery and the surrounding tissues were more inflamed, frail and bled at the slightest touch. Also it was observed that when operating on cardioplegic arrest patients, generally a hardening, similar to a granloma, was observed in the area around the implantation.
For a long time it has been recognized that a foreign body in the organism is capable of triggering a chronic inflammatory process leading to the formation of granulomas. The primary cells in granulomas of foreign bodies are macrophages containing a great number of phagocytic vacuoles with few secretary organelles [2] . Granulomas do not behave as static formations, but continually incorporate more inflammatory cells. Several cytokines have been identified as mediators involved in the formation and maintenance of these granulomas: IL-2, interferon â, TNF-á and IL-1 [3] . This response might be synergic with that observed in atherosclerotic plaque, where activated macrophages make up approximately 25% of the population of inflammatory cells [4] . As well as this, the density of macrophages in the lesion in question, can be considered as markers for the appearance of restenosis after PCI [5] . 
Moderate to intense inflammatory reaction with neutrophilic infiltration in the endothelial layer (arrows). Also thickening of the arterial walls and edema of the mid-tunic can be observed. (hematoxylin-eosin; 40X magnification). B. The same specimen magnified by 400X, highlighting the neutrophils infiltrating the endothelium, suggesting an acute reaction. Figure 5. Microphotography of the peri-stent myocardium showing cardiac muscle degeneration and necrosis, denoting an acute process. (hematoxylin-eosin; 400X magnification). Figure 4. A. Microphotography of the myocardium adjacent to coronary artery exhibiting an important inflammatory infiltration and fibrosis. Also vascular neoformation, edema and congestion can be observed (hematoxylin-eosin; 40X magnification). B. Magnification at 100X of the same specimen emphasizing the inflammatory infiltration.
Coronary stent implantation seems to cause a more severe lesion [6, 7] and a more intense inflammatory response inside the arterial wall than in other types of percutaneous interventions [8, 9] . The arterial wall distension and the vascular lesion caused by the balloon in angioplasty and the placement of the stent, act as a potent stimulus for the proliferation of smooth muscle cells and neo-intimal hyperplasia [10, 11] . Until now, the data of experimental and clinical trials suggest that the vascular lesion provoked by insufflation of the balloon may determine the cellular response [12, 13] . However, the vascular lesion caused by the implantation of the coronary stent is more accentuated. The mesh of stents causes a very deep focal vascular trauma and the intensity and duration of the cellular proliferation exceeds that which is provoked by the lesion of a balloon catheter. These effects are increased by prolonged mechanical tension exerted by the stent on the coronary arterial wall. Other effects of residual permanence of a foreign body after PCI include chronic inflammation [14] . Recently other publications augmented the evidence that stents are associated with severe infiltration of inflammatory cells in the arterial walls [8, 9, 15, 16] .
Farb et al. [16] demonstrated that soon after the insertion of the stent (<11 days), plaques, fibrin and an infiltration of inflammatory cells were present in the coronary wall, mainly at the points of contact with the stent's mesh. Chronic inflammation was also observed adjacent to the mesh, principally 12 days after the implantation [16] .
Another recent publication, investigating the liberation of pro-inflammatory cytokines long after coronary stent implantation confirmed our findings. In this work the serum levels of soluble receptors of interleukin-2 (sIL-2R) responsible for T-lymphocyte activation (cells-mediated immunity markers) were still high 4 months after stent implantation. The pro-inflammatory cytokines and the acute phase proteins were also precociously liberated into the peripheral circulation and the cell-mediated immunity persisted for at least 12 weeks after the implantation of the stent [17] .
Apart from the direct inflammatory effect, embolization can play a fundamental role in the inflammatory process. Distal coronary embolization visible by coronary angiography is reported in 15% of patients submitted to stent implantation and this is associated with a worse prognosis [18] . This was confirmed in studies of subgroups in SYMPHONY and 2nd SYMPHONY clinical trails, where the incidence and clinical significance of the increase in cardiac troponin I (cTnI) after PCI was evaluated. Fortyeight percent of the patients had increased levels of cTnI and these were associated with a significant increase in the risk of mortality or infarction and worse clinical results in the first 90 days after intervention [19] . The incidence of troponin I liberation has been reported to be greater in patients treated with stents compared to those only treated by angioplasty [19, 20, 21] .
An important implication of the inflammatory reaction of the stent is related to the endothelium function. Caramori et al. studied patients after 6 months of coronary stent implantation with isolated lesions proximal to the anterior descending artery but without evidence of restenosis. The presence of severe coronary endothelium dysfunction was demonstrated even over the long term, mainly when compared with balloon angioplasty and atherectomy [22] . This suggests that stents can cause a significant acceleration of the progression of coronary arterial disease. Also there may be systemic implications. Wu et al. [23] investigated the systemic endothelium function of arteries in the forearm of patients after stent implantation. In patients with angiographic restenosis of the stent, the active hyperemia of the forearm was worse and this was associated with the release of endothelin-1 which is liberated by the endothelium [23] and increases in the coronary circulation immediately after PCI [24] . Endothelin-1 acts as a potent vasoconstrictor and at the same time as a stimulant for the proliferation of the smooth muscle cells of the vessels [25] .
The finding in the case of stent thrombosis in this work, where the myocardial capillaries adjacent to the site of the stent were occluded by soft thrombosis, gives us an interesting inference. Urgent surgical revascularization in the case of complications due to stents may not only be ineffective but even deleterious, as the microcirculation is already compromised and reperfusion inhibited. Our findings could also have implications in respect to the accelerated progression of atherosclerosis in the coronary arteries submitted to stent implantation.
Although this study focussed on complicated stent cases, the majority being restenosis, this might be representative of a significant percentage of the coronary arteries with stents, as the rate of stent restenosis has been reported as higher than 36% (SIRIUS) or even higher in non-selected patients. Until now, nothing has been reported about myocardial inflammatory compromise due to a peristent reaction. Further studies will be necessary to characterize the extension and the consequences of this process for coronary arteries and the myocardium.
In conclusion, the presence of intra-coronary stents induces acute and chronic inflammatory reactions, even over the long-term post-implantation period of stents, with involvement of the distal coronary artery and the adjacent myocardium. Additional studies will be necessary to elucidate the extension of the inflammatory process and its consequences.
Explicatory note
The term Intraluminary sustained endoprosthesis (ISE) has been proposed to substitute the word stent due to its greater functional significance and because it is selfexplanatory. We recommend that the term should be used as an alternative to the name stent.
